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Brief History of the Ames Program: 

OAST-fundcd program for more than ten years (started FY 77) 
Thrust: Develop the cryogenic technology for space based science 
Emphasis: Needs of future IR missions 


Selected Accomplishments: 

-lg cryogen containment 
Superfluid leak sealant 
Thermoelectric cooler (80K) 
Self-contained He3 cooler (0.27K) 
Portable He3 Cooler (0.3K) 

ADR temperature stability theory 
VCS optimization 
Mini ADR (0.05K) 

Pressed contact conductivity 
TAO predictor 
PODS-IV 

Low cavitation helium pump 
He-II flow meter 


JTX demo (1.5K) 

Temperature stabilized ADR (0.2K) 
Cryo valve 

Ruggcdized thermometers 
-lg He3 Cooler 
VCS heat exchange model 
O-g He3 design guide 
PODS-III 

Helium transfer workshop 
Theory of FEP limits 
Orifice pulse tube refrigerator (60K) 
High Reynolds No. He-II dynamics 


SHOOT Program Summary 


Joint GSFC/ARC/JSC Program (Overview given in companion presentation) 
ARC responsible for selected technologies 
Centrifugal pump 

Including fluid management device 
Flow meter 

Friction factor of superfluid helium 
EVA 

Including transfer line 

Data/command system 

Including AFD controller 
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Fluid Management System 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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thermomechanical effect. 
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Flow Meter 
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Friction Factor of Siiperflmd Helium 


Helium How test facility: 

Mow path: Multiples of 5 m < 20 cm diameter 

Temp/prcs: 1.5-5 Kelvin svp - 5 bar 

Flowrates: < 2500 1/Iir 

Straight tube results: 

At high Reynold numbers (10^ - 10^) superfluid helium behaves like a 
Newtonian fluid 

Bellows section results: 

Pressure drop approx. 50% greater than predicted 

Based on modelling bellows as a series of orifices (a correlation that 
works for water and for liquid nitrogen 

Planned work: 

More tests with bellows 
Flow coefficient for valves 

Liquid Helium Flow Test Facility 
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Purpose: 
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Perform several more transfer operations 


EVA coupler concept 
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Data/Connnand System 


Approach: 

Process control core 

Real time data acquisition 

Real time control 
Manual control 
Pre-packaged routines 

Growth to full automation 

Expert system shell 
Fault diagnosis 
Valves, sensors, pumps 

Growth potential to full up expert system with fault work arounds 
OAST Technologies 


Storage technologies 
PODS 

Support materials 
Design tools and options 

Active coolers 

Pulse tubes 
Sub-kelvin coolers 
Ilc-3 
ADR 
Dilution 
2 Kelvin cooler 
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Passive Orbital Disconnect Struts (PODS) 
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Suited for system with many/heavy shields 


DEWAR SUPPORT WITH PASSIVE ORBITAL DISCONNECT (PODS) 



PODS III 

• HIGH LAUNCH 
STRENGTH 

• LOW ORBITAL 
CONDUCTANCE 

• FLIGHT READY 
PODS IV 

• INCREASED SIDE 
LOAD CAPACITY 
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Support Mnlerinls 


New materials can improve both strap type and PODS type supports 

Want greater slrcngiii (ultimate, buckling, fatique, etc.) to conductance ratio 

Class - Epoxy: Used in IRAS and GOBI: 

Graphite - Epoxy: Belter below 30 Kelvin (used in PODS) 

Alumina - Epoxy: Under development by various groups 

Conductance similar to glass above 30 K 
Conductance similar to graphite below 30 K 
Ultimate strength similar to glass 
Stiffness similar to graphite 

Alumina - PEEK (a polimcri/.ed ketone) Amcs/NBS program 

Promises to be better than epoxy (also less permeable to 
helium diffusion) 

Pulse Tubes 

Motivation: 

Need for low cost, highly reliable, high efficiency coolers (15-100 K) 

Pulse tubes: 

One moving part (a room temperature* compressor with a room temperature seal) 

Uses existing (<-M and Sliding ciyocoolcr technology 
compressors, regenerator 

No cold displacer 

Phase shift between pressure and velocity waves is supplied by balast volume and orifice 

Heat pumping occurs within empty (except tor working gas) lube 

Ileating/cooling is the result of discontinuity of enthalpy flow at ends of tube 

Bread-board single stage: 

60K min., 16W<3> J00K, 50-90% efficient (lube only) 

Overall efficiency approaches (hat of Stirling cycle 

Model: 

Math model being developed to study optimization of cycle cooling power scales with volume of pulse 
lube 

Future work: 

Build demonstration noil 

Measure performance at lower temperatures (a second stage) 
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Pulse tube refrigerator 






Sub-Kelvin Coolers 
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Dilution refrigerator 
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mixing chamber 
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Efficiency improvement 

Improved refrigerants (ones without water of hydration) 


Adiabatic Demagnetization Cooler 









2 Kelvin Cooler 


Stored cryogens may not meet requirements of long life (<2 years) 
Large heat load (>1 W @ 2 K) missions such as LDR 


Coal: 

Develop a final stage to work off coolers being developed in other 
NASA/DOD programs 

Possible approaches: 

Reverse turbo Brayton 

Magnetic cycles 

Use of ^He as working fluid 

2K Cooling Stage 


compressor 



( motor ) 
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SPEAKER: PETER KITTEL/AMES RESEARCH CENTER 

Mojibul Hasan/Lewis Research Center (Resident Research Associate) 

I have a question about your pressure drop. On the straight tube, your pressure 
drop for helium correlates well with the prediction, however, in the bellows 
section, the pressure drop was 50 percent greater than predicted. Is this 50 
percent over the entire range of flow you tested or only at the higher Reynolds 
numbers? 

Kittel: 

We’ve only made those measurements at the higher Reynolds numbers. 

Hasan: 

So, you had this inconsistency only at the higher Reynolds numbers; what was 
the system pressure? 

Kittel: 

It was near saturation; it was above, but not very much above. 
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